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Context: High serum or dietary levels of vitamin E and
beta carotene appear to be associated with lower risk of
stroke, but studies regarding their supplementation have
not supported their use in stroke prevention.

Objective: To determine if vitamin E (dl-alpha tocoph-
erol) and beta carotene supplementations could be used
in prevention of stroke in men at high risk for hemor-
rhagic or ischemic events.

Design: Population-based, randomized, double-blind,
placebo-controlled, 232 factorial design trial (the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study),
conducted from April 1985 through April 30, 1993, with
median follow-up of 6 years.

Interventions: Alpha tocopherol, 50 mg; beta caro-
tene, 20 mg; both; or placebo.

Participants: From the total male population aged 50
through 69 years in southwestern Finland (n=290406),
29133 male smokers were randomized to 1 of 4 treat-
ment regimens. We excluded 614 men because of pre-
vious stroke at baseline, leaving 28519.

Main Outcome Measures: Incident and fatal sub-
arachnoid and intracerebral hemorrhage, cerebral infarc-
tion, and unspecified stroke.

Results: Stroke occurred in a total of 1057 men: 85 had
subarachnoid and 112 had intracerebral hemorrhage, 807
had cerebral infarction, and 53 had unspecified stroke.
Within 90 days from onset, 160 men died of stroke. Vi-
tamin E supplementation increased the risk of subarach-
noid hemorrhage (relative risk [RR], 2.45; 95% confi-
dence interval [CI], 1.08-5.55) and decreased risk of
cerebral infarction (RR, 0.70; 95% CI, 0.55-0.89) in hy-
pertensive men but had no effect among normotensive men.
Furthermore, it decreased the risk of cerebral infarction,
without elevating the risk of subarachnoid hemorrhage,
among hypertensive men with concurrent diabetes (RR,
0.33; 95% CI, 0.14-0.78). Beta carotene supplementation
appeared to increase the risk of intracerebral hemorrhage
and modestly decrease that of cerebral infarction among
men with greater alcohol consumption.

Conclusion: Vitamin E supplementation may prevent
ischemic stroke in high-risk hypertensive patients, but
further studies are needed.
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V ITAMIN E and beta carotene
may act as antioxidants
against atherosclerosis and
thus prevent cerebrovascu-
lar diseases.1,2 Besides the

antioxidant effects, vitamin E and its me-
tabolites have antiplatelet and anticlot-
ting actions,3-6 but the clinical impor-
tance of these actions is obscure. In our
controlled trial on male smokers, the Al-
pha-Tocopherol, Beta-Carotene Cancer
Prevention (ATBC) Study, vitamin E (dl-
alpha tocopherol) supplementation in-
creased the incidence and mortality due
to subarachnoid hemorrhage but de-
creased the incidence of cerebral infarc-
tion, whereas beta carotene supplementa-

tion increased the incidence of intracerebral
hemorrhage.7

Ouraimwastoexaminewhether there
weresubgroups thatbenefited fromsupple-
mentation with vitamin E or beta carotene
without an increased risk for bleeding. For
this, we analyzed the effect modification of
age, systolicbloodpressure, serumtotaland
high-density lipoprotein(HDL)cholesterol
levels, histories of diabetes and heart dis-
ease,numberofcigarettes smokeddaily, al-
cohol consumption, and physical activity
ontheeffectsofvitaminEsupplementation
on subarachnoid hemorrhage and cerebral
infarction,andthatofbetacarotenesupple-
mentationonintracerebralhemorrhageand
cerebral infarction in the ATBC Study.
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RESULTS

Stroke occurred in a total of 1057 previously stroke-free
men: 85 had subarachnoid and 112 intracerebral hem-
orrhage, 807 had cerebral infarction, and 53 had
unspecified stroke. In 90 days from onset, 160 men
died of stroke, 38 due to subarachnoid and 50 due to
intracerebral hemorrhage, 65 due to cerebral infarction,
and 7 due to unspecified stroke. The adjusted relative

risks by risk factors and stroke subtypes are shown in
Table 1.

VITAMIN E SUPPLEMENTATION

Only systolic blood pressure, of all the risk factors pre-
sented in Table 1, modified the effect of vitamin E supple-
mentation, and therefore only those results are pre-
sented herein. Vitamin E supplementation had no effect

METHODS AND SUBJECTS

The ATBC Study had a randomized, double-blind, placebo-
controlled, 232 factorial design to test the hypothesis that
vitamin E and beta carotene supplements reduce the inci-
dence of lung cancer.8,9 From April 1985 through June 1988,
29133 smokers (smoked $5 cigarettes per day) from the to-
tal male population aged 50 to 69 years in southwestern Fin-
land (n=290406) were recruited and randomized to 1 of 4
treatment regimens: vitamin E, 50 mg/d; beta carotene, 20
mg/d; both; or placebo (Figure). All participants gave writ-
ten informed consent. The study was approved by the in-
stitutional review boards of the National Public Health In-
stitute, Helsinki, Finland, and the National Cancer Institute,
Bethesda, Md, and the safety of the participants was moni-
tored by an outside committee. Compliance was deter-
mined from the number of supplied and returned capsules
and was calculated by dividing the total number of unre-
turned capsules by the sum of days between visits. The es-
timated overall compliance was 93%, with no differences be-
tween the randomization groups, and only 4% were less than
50% compliant. The dropout rate (including deaths) was 30%,
and 21% of participants stopped smoking during the study.
The proportions of men who dropped out or stopped smok-
ing were evenly distributed across the trial groups.

We excluded 614 men because of history of stroke at
baseline, leaving 28519 men for the study of primary stroke.
The excluded men were distributed evenly across the trial
groups (166 received vitamin E; 154, beta carotene; 160, both;
and 134, placebo). The median length of the follow-up, with
a control visit 3 times a year, was 6.0 years, totaling 164225
person-years. No participants were lost to follow-up.

At baseline, participants completed a questionnaire
about their general background and smoking and medi-
cal histories, including a question about physician-
diagnosed stroke. Alcohol consumption during the past
12 months was assessed by means of a detailed dietary
history questionnaire.10 Blood pressure was measured by
nurses who were specifically trained to measure it in a
standard way. Height and weight were measured. A blood
sample was drawn and serum was deep-frozen at −70°C.
Levels of vitamin E and beta carotene were determined by
means of high-performance liquid chromatography.11

Serum total and HDL cholesterol levels were determined
enzymatically (CHOD-PAP method; Boehringer Mann-
heim, Mannheim, Germany). Levels of HDL cholesterol
were measured after precipitation of very-low-density
lipoprotein and low-density lipoprotein with dextran sul-
fate and magnesium chloride.

Study end points were incident subarachnoid and in-
tracerebral hemorrhage, cerebral infarction, and unspeci-
fied stroke. Strokes were identified by record linkage to the

National Hospital Discharge Register and the National Reg-
ister of Causes of Death, both of which used the Interna-
tional Classification of Diseases, Eighth Revision (ICD-8)12

until the end of 1986, then the ninth revision (ICD-9).13

The ICD codes 430 through 434 and 436 were included in
our study, except ICD-8 codes 431.01 and 431.91 and ICD-9
code 432, denoting subdural hematoma, and ICD-9 codes
4330X, 4331X, 4339X, and 4349X, denoting occlusion or
stenosis of a precerebral or cerebral artery without infarc-
tion. A man was considered to have died of stroke if he died
within 90 days of the onset and if stroke was the underly-
ing cause on the death certificate. In a reviewed sample,
the diagnoses of subarachnoid and intracerebral hemor-
rhage and cerebral infarction were reliable, according to strict
standard criteria, in 79%, 82%, and 90% of the discharge
diagnoses, respectively, and in 95%, 91%, and 92% of the
causes of death, respectively.14

The baseline age was categorized as 50 to 54, 55 to 59,
and at least 60 years. Systolic blood pressure was catego-
rized as no greater than 139, 140 to 159, and at least 160
mm Hg. Serum total cholesterol level was classified as no
greater than 4.9, 5.0 to 5.9, 6.0 to 6.9, and at least 7.0 mmol/L
(#192, 193-231, 232-270, and $271 mg/dL); and HDL cho-
lesterol, no greater than 0.84, 0.85 to 1.14, 1.15 to 1.44, and
at least 1.45 mmol/L (#32, 33-44, 45-56, and $57 mg/dL).
Diabetes and heart disease (coronary heart disease, myocar-
dial infarction, valvular disease, arrhythmia, cardiac enlarge-
ment, and congestive heart failure) were based on the self-
reported medical history at baseline. Smoking was determined
as number of cigarettes smoked per day, and men were clas-
sified as smoking 5 to 15, 16 to 20, and at least 21 cigarettes
per day. Men were classified as nondrinkers or light (#24.0
g/d), moderate (24.1-60.0 g/d), or heavy (.60.0 g/d) drink-
ers. When examining drinkers only, participants were di-
vided into tertiles of daily alcohol consumption. The level
of education was categorized as primary school (,7 years),
secondary school (7-12 years), or university or other higher
education (.12 years). Leisure-time physical activity was
categorized as sedentary or active (strenuous exercise at least
once a week).

We presumed that vitamin E might be beneficial in
men at low risk for subarachnoid hemorrhage but high
risk for cerebral infarction. To examine this, taking into
consideration the overall load of risk factors and not
merely the effect of each risk factor individually, men
were classified into the following 4 categories of specific
stroke risk at baseline: low risk of subarachnoid hemor-
rhage and cerebral infarction; medium to high risk of sub-
arachnoid hemorrhage and low risk of cerebral infarction;
low risk of subarachnoid hemorrhage and medium to
high risk of cerebral infarction; and medium to high risk
of both. Categories were derived by calculating separately
a subarachnoid hemorrhage risk score and and a cerebral
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on the risks of subarachnoid hemorrhage and cerebral
infarction in normotensive men (systolic blood pres-
sure, ,160 mm Hg), but it increased 2.45-fold (P=.03)
the risk of incident and 5.38-fold (P=.03) that of fatal
subarachnoid hemorrhage; it decreased 0.70-fold (P=.004)
the risk for incident and 0.55-fold (P=.18) that for fatal
cerebral infarction in hypertensive men (Table 2). The
effect modification was statistically significant only in ce-
rebral infarction (P=.006). The results were similar if di-

astolic blood pressure was used instead of systolic blood
pressure.

Further evaluation in hypertensive men only showed
that vitamin E supplementation significantly decreased
the risk of cerebral infarction (RR, 0.33; 95% confi-
dence interval [CI], 0.14-0.78) without increasing the risk
of subarachnoid hemorrhage in men with diabetes
(Table 3). This effect modification by diabetes in hy-
pertensive men was statistically significant (P=.04), al-
though numbers were small. Similarly, vitamin E supple-
mentation in hypertensive men with heart disease seemed
to decrease the incidence of cerebral infarction without
increasing the risk of subarachnoid hemorrhage. There
was no evidence of other risk factors modifying the ef-
fect of vitamin E in hypertensive men.

VITAMIN E AND HIGH RISK FOR STROKE

The adjusted RRs for incident and fatal subarachnoid hem-
orrhage and cerebral infarction by baseline stroke risk level
are shown in Table 4. The RRs for incident and fatal sub-

Vitamin E and
Beta Carotene

7118

Source Population
290 406

Smokers Willing to Participate
42 957

Not Eligible
13 711

Randomized
29 246

Protocol Violations
113

ATBC Participants
29 133

Previous Stroke
614

Stroke-free at Baseline
28 519

Vitamin E
7120

Stroke
(Fatal in 90 d)

Total Stroke
251 (44)

Subarachnoid
Hemorrhage

24 (16)

Intracerebral
Hemorrhage

23 (13)

Cerebral
Infarction
187 (14)

Stroke
(Fatal in 90 d)

Total Stroke
258 (46)

Subarachnoid
Hemorrhage

27 (12)

Intracerebral
Hemorrhage

34 (18)

Cerebral
Infarction
186 (15)

Stroke
(Fatal in 90 d)

Total Stroke
296 (36)

Subarachnoid
Hemorrhage

18 (3)

Intracerebral
Hemorrhage

35 (11)

Cerebral
Infarction
229 (20)

Subarachnoid
Hemorrhage

16 (7)

Stroke
(Fatal in 90 d)

Total Stroke
252 (34)

Intracerebral
Hemorrhage

20 (8)

Cerebral
Infarction
205 (16)

No Stroke (Alive)
6869 (6114)

No Stroke (Alive)
6860 (6061)

No Stroke (Alive)
6832 (6053)

No Stroke (Alive)
6901 (6155)

Beta Carotene
7128

Placebo
7153

Recruitment, randomization, follow-up, and end points. Data are given as
number of participants. ATBC indicates Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study.

infarction risk score for each man. These scores were
the partial logarithms of risk estimates for subarach-
noid hemorrhage and cerebral infarction using the pa-
rameter estimates for age, systolic blood pressure, se-
rum total and HDL cholesterol levels, histories of diabetes
and heart disease, number of cigarettes smoked daily,
alcohol consumption, and physical activity—all well-
known or potentially important risk factors for stroke—
from specific Cox regression models with additional ad-
justment for body mass index, education, and trial
supplementation. Men were then divided into tertiles
of subarachnoid hemorrhage and cerebral infarction risk
scores, and the tertiles were cross-tabulated. Men with
lowest risk scores formed the reference group, and men
with risk scores in the 2 uppermost tertiles of both risks
formed the medium- to high-risk group.

The statistical analyses were performed according
to the intention-to-treat principle. When calculating per-
son-years for incidence rates, the follow-up ended at any
end point of interest, at death, or on April 30, 1993, the
end of the trial; for mortality rates, the follow-up ended
at 90 days after the specific nonfatal stroke, at death, or
at the end of the trial. Unspecified stroke was not in-
cluded in subtype analyses. The crude incidence rates
were calculated per 10000 person-years. The adjusted
relative risks (RR) were computed using Cox propor-
tional hazards models, adjusting for age, systolic blood
pressure, serum total and HDL cholesterol levels, his-
tories of diabetes and heart disease, number of ciga-
rettes smoked per day, alcohol consumption, physical
activity, body mass index (calculated as weight di-
vided in kilograms by the square of height in meters),
education, and vitamin E and beta carotene supplemen-
tation. The first-order interaction between vitamin E and
beta carotene supplementation and age, systolic blood
pressure, serum total and HDL cholesterol levels, his-
tories of diabetes and heart disease, smoking, alcohol
consumption, and physical activity was evaluated by
means of stratified multivariate-adjusted Cox models and
by comparing multivariate-adjusted Cox models with
and without the specific interaction terms formed by vi-
tamin E or beta carotene supplementation with each risk
factor. The second-order interactions between vitamin
E, systolic blood pressure, and each other risk factor men-
tioned above were evaluated similarly.

Five men had missing baseline values for blood pres-
sure, 33 for serum total cholesterol level, 37 for serum HDL
cholesterol level, 1963 for alcohol consumption, and 12
for physical activity. They were excluded from the mul-
tivariate analyses specifically examining the variable in
question. Otherwise, missing values for covariates were
replaced with group-specific means (ie, missing values of
men with stroke were replaced with their average values).
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arachnoid hemorrhage and cerebral infarction in men re-
ceiving vs those not receiving vitamin E by stroke risk level
are shown in Table 5. The classification based on base-
line risk scores identified well men with high stroke risk
but contrary to what was assumed, vitamin E supplemen-
tation had no beneficial effect in men at low risk of sub-
arachnoid hemorrhage but medium to high risk of cere-
bral infarction. The effect of vitamin E was seen in men with
high risk for both stroke subtypes, which is in accord with
94% of hypertensive men belonging to that category.

BETA CAROTENE SUPPLEMENTATION

The effect of beta carotene supplementation was signifi-
cantly modified only by alcohol consumption; the other
factors did not have any consistent effect on beta caro-
tene. Beta carotene supplementation had no effect on the
risks of intracerebral hemorrhage and cerebral infarc-
tion in nondrinkers, but, with increasing alcohol con-
sumption, it seemed to increase the risk of intracerebral
hemorrhage and decrease that of cerebral infarction
(Table 6). The effect modification was marginally non-
significant in intracerebral hemorrhage (P=.10) and sig-

nificant in cerebral infarction (P=.02). The results were
similar when evaluated in drinkers only.

Multivariate adjustment did not have any material
effect on the supplementation effects, therefore the crude
risks (vitamin E vs no vitamin E and beta carotene vs no
beta carotene) are reported.

COMMENT

In a previous report,7 we showed that vitamin E supple-
mentation increased the incidence of subarachnoid hem-
orrhage and the risk of fatal hemorrhagic strokes, and
that beta carotene increased the incidence of intracere-
bral hemorrhage. In the present study, we analyzed the
effects of vitamin E and beta carotene supplementation
in relation to baseline age, systolic blood pressure, se-
rum total and HDL cholesterol levels, histories of diabe-
tes and heart disease, cigarette smoking, alcohol con-
sumption, and physical activity and in connection with
high risk for specific stroke.

We assumed that men at low risk of subarachnoid
hemorrhage but high risk of ischemic stroke could ben-
efit from vitamin E supplementation, without increase

Table 1. Adjusted Relative Risks of Stroke Subtypes by High-Risk Factors at Baseline in 26 508 Men*

Risk Factor

Subarachnoid Hemorrhage
(n = 83)

Intracerebral Hemorrhage
(n = 95)

Cerebral Infarction
(n = 732)

RR (95% CI) P RR (95% CI) P RR (95% CI) P

Age $60 y 1.03 (0.64-1.65) .92 2.31 (1.52-3.51) ,.001 1.90 (1.64-2.21) ,.001
SBP $160 mm Hg 2.27 (1.43-3.61) ,.001 2.32 (1.52-3.53) ,.001 1.94 (1.66-2.27) ,.001
TC level $7.0 mmol/L ($271 mg/dL) 0.91 (0.55-1.52) .73 0.33 (0.16-0.65) .001 1.24 (1.05-1.46) .01
HDLC level ,0.85 mmol/L (,33 mg/dL) 1.85 (1.02-3.35) .04 0.62 (0.28-1.35) .23 1.41 (1.15-1.73) .001
Diabetes 0.49 (0.12-2.03) .33 1.35 (0.58-3.14) .48 2.24 (1.75-2.86) ,.001
Heart disease 1.05 (0.64-1.74) .84 1.23 (0.79-1.91) .37 1.75 (1.50-2.03) ,.001
Smoking $21 cigarettes per day 1.36 (0.86-2.13) .19 1.08 (0.70-1.67) .74 1.04 (0.89-1.22) .60
Alcohol intake .60 g/d 1.57 (0.67-3.65) .30 1.79 (0.86-3.75) .12 1.48 (1.10-1.99) .01
Sedentary lifestyle 0.80 (0.51-1.25) .33 1.24 (0.83-1.87) .29 1.36 (1.17-1.57) ,.001

*RR indicates relative risk; CI, confidence interval; SBP, systolic blood pressure; TC, serum total cholesterol; and HDLC, serum high-density lipoprotein
cholesterol. Additionally adjusted for body mass index, education, vitamin E and beta carotene supplementation. Men with missing values for SBP, TC, HDLC
levels, alcohol consumption, and physical activity were excluded.

Table 2. Crude Incidence and Mortality per 10 000 Person-years and Relative Risks After Long-term Vitamin E Supplementation
by Stroke Subtype and Systolic Blood Pressure in 28 515 Men*

Stroke Subtype
and SBP, mm Hg

Vitamin E vs No Vitamin E Vitamin E vs No Vitamin E

No. of
Participants Incidence

RR
(95% CI)

No. of
Participants Mortality†

RR
(95% CI)

Subarachnoid hemorrhage
#139 21 2.7 1.08 (0.46-2.55) 10 1.3 2.29 (0.59-8.87)
140-159 36 6.5 1.31 (0.68-2.52) 15 2.7 2.09 (0.71-6.12)
$160 28 9.4 2.45 (1.08-5.55) 13 4.3 5.38 (1.19-24.28)
Test for interaction, P .17 .41

Cerebral infarction
#139 243 30.8 1.15 (0.89-1.48) 22 2.8 0.82 (0.35-1.90)
140-159 292 52.7 0.82 (0.65-1.03) 21 3.8 1.15 (0.49-2.72)
$160 272 91.2 0.70 (0.55-0.89) 22 7.4 0.55 (0.23-1.32)
Test for interaction, P .006 .20

*Explanation of the abbreviations is given in the footnote to Table 1. Men with missing values for SBP were excluded.
†Mortality within 90 days of onset.
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in the number of fatal strokes. It seems, however, that
men potentially benefiting from vitamin E supplemen-
tation also have high risk of both of these stroke types.
This is explained by the fact that the effect of vitamin
E—an increased risk of subarachnoid hemorrhage and
a decreased risk of cerebral infarction—was seen mainly
in hypertensive men, and that almost all hypertensive men
were among those having high risk for both stroke types,
reflecting the importance of blood pressure as a risk fac-
tor for any subtype of stroke. Nevertheless, hyperten-
sive men with histories of diabetes and heart disease
seemed to benefit from vitamin E supplementation. These
men are also likely users of aspirin, and the possible syn-
ergistic effects of vitamin E and aspirin15,16 could ex-
plain the effects seen in this study. Unfortunately, we had
no means to evaluate the interaction between vitamin E
and aspirin.

Beta carotene supplementation increased the risk
of intracerebral hemorrhage and decreased that of
cerebral infarction in moderate to heavy drinkers but
had no effect on the respective risks in nondrinkers.
We had no information on the past drinking behavior
of the men, and nondrinkers most likely included life-
time teetotalers and former drinkers. Analyses exclud-
ing nondrinkers, however, gave similar results. An
explanation for this could be that the effects of beta
carotene and alcohol on stroke risk were connected to
atherosclerotic process via lipid metabolism. Beta
carotene does not seem to have any interaction with
blood pressure and is not known to have any antico-
agulant or antiplatelet activity, but beta carotene is
carried in the lipid compartment of blood and accu-
mulates in atherosclerotic plaques.17,18 Nevertheless, a
random finding cannot be excluded. Should beta caro-

Table 3. Crude Relative Risks of Long-term Vitamin E vs No Vitamin E Supplementation on Stroke Incidence and Mortality
by High-Risk Factor and Stroke Subtype in Hypertensive Men*

Risk Factor
No. of

Participants

Subarachnoid Hemorrhage Cerebral Infarction

No. of
Incident

Cases (RR)
No. of Fatal
Cases† (RR)

No. of
Incident

Cases (RR)
No. of Fatal
Cases† (RR)

Diabetes 315 1 (NA) [0/1] 1 (NA) [0/1] 26 (0.33)‡ 2 (NA) [0/2]
No diabetes 5086 27 (2.81)‡ 12 (10.8)‡ 246 (0.75)‡ 20 (0.64)

Test for interaction, P .99 .99 .04 .99
Heart disease 1420 8 (0.97) 4 (0.97) 98 (0.76) 10 (0.59)
No heart disease 3981 20 (3.93)‡ 9 (NA) [9/0] 174 (0.67)§ 12 (0.49)

Test for interaction, P .11 .99 .59 .80
Other high risk factor(s) in addition to hypertension\ 2348 10 (3.96)¶ 7 (5.93)¶ 153 (0.60)§ 11 (0.37)
No other high risk factor(s) 2657 18 (1.98) 6 (4.93) 91 (0.80) 8 (0.59)

*Hypertensive men were defined as having SBP $160 mm Hg. NA indicates not applicable; other abbreviations are given in the footnote to Table 1. Numbers in
brackets after NA indicate participants receiving/not receiving vitamin E.

†Indicates fatal within 90 days of onset.
‡P,.05.
§P,.01.
\Other high-risk factors include the following: age $60 years, TC level $7.0 mmol/L ($271 mg/dL), HDLC level ,0.85 mmol/L (,33 mg/dL), diabetes, heart

disease, smoking $21 cigarettes per day, and alcohol consumption .60g/d. Men with missing values for serum total and HDLC levels, alcohol consumption, and
physical activity were excluded.

¶P,.10.

Table 4. Crude Incidence and Mortality per 10 000 Person-years and Adjusted Relative Risks of Subarachnoid Hemorrhage
and Cerebral Infarction by Stroke Risk Level in 26 508 Men*

Stroke Subtype and Specific Risk Level
No. of

Participants
No. of
Cases

Crude
Incidence

Adjusted RR
(95% CI)†

No. of
Cases

Crude
Mortality‡

Adjusted RR
(95% CI)†

SAH
Low-risk SAH and low-risk CIR 4114 3 1.2 1.00 2 0.8 1.00
Medium- to high-risk SAH and low-risk CIR 4705 17 6.1 5.08 (1.48-17.40) 7 2.5 3.14 (0.65-15.21)
Low-risk SAH and medium- to high-risk CIR 4705 4 1.5 1.20 (0.27-5.36) 1 0.4 0.46 (0.04-5.13)
Medium- to high-risk SAH and medium- to high-risk CIR 12 984 59 8.0 6.63 (2.06-21.31) 27 3.7 4.77 (1.12-20.33)

CIR
Low-risk SAH and low-risk CIR 4114 35 14.3 1.00 0 0.0 1.00
Medium- to high-risk SAH and low-risk CIR 4705 55 19.6 1.35 (0.88-2.07) 4 1.4 NA
Low-risk SAH and medium- to high-risk CIR 4705 154 57.3 3.99 (2.76-5.76) 17 6.3 NA
Medium- to high-risk SAH and medium- to high-risk CIR 12 984 488 66.2 4.54 (3.21-6.42) 34 4.6 NA

*SAH indicates subarachnoid hemorrhage; CIR, cerebral infarction; and NA, not applicable. Explanation of the other abbreviations is given in the footnote to
Table 1. Low risk refers to the lowest tertile of risk; medium to high risk, to the 2 uppermost tertiles of risk. Men with missing values for systolic blood pressure,
serum total and HDLC levels, alcohol consumption, and physical activity were excluded.

†Adjusted for body mass index, education, and supplementation with vitamin E or beta carotene.
‡Indicates mortality within 90 days from onset.

(REPRINTED) ARCH NEUROL / VOL 57, OCT 2000 WWW.ARCHNEUROL.COM
1507

©2000 American Medical Association. All rights reserved.



tene interact with alcohol, the exact mechanism re-
mains to be discovered.

The ATBC Study examined primarily the effect of
vitamin E and beta carotene in prevention of lung and
other cancers and, secondarily, cardiovascular diseases,
including stroke. The randomization successfully
yielded trial groups with an even distribution of base-
line characteristics, including blood pressure, serum
cholesterol levels, smoking, and alcohol consumption,
and the compliance of the participants was good. The
dropout rate, including deaths, was about 30% and
similar in all randomization groups. Follow-up was
complete and end-point assessment was reliable. A
source of potential bias in our study was the mutually
exclusive definition of the stroke end points. However,
we estimated it to be negligible, even with higher inci-
dence rates than observed in this study. Only 7% of the
study population did not have data regarding baseline

alcohol consumption, but with missing data more likely
among heavier drinkers, there is the potential for bias
with regard to the alcohol risk estimates. Nevertheless,
this potential source of bias will not have altered our
findings for supplementation effects or conclusions
derived from them.

Our results are based on post hoc, first- and second-
order interaction analyses derived from current hypoth-
eses concerning stroke pathogenesis, but which were not
specified at the start of the trial. The first-order interac-
tion analyses were restricted to men without previous
stroke at baseline, and the second-order ones, to sub-
groups based on hypertension. We chose to examine only
the effect modification on vitamin E and beta carotene
supplementation by well-established or suspected risk fac-
tors for stroke, instead of using a more rigorous statis-
tical approach of sequential building of multivariate re-
gression models starting with all available baseline

Table 5. Crude Relative Risks After Long-term Vitamin E Supplementation by Stroke Subtype and Specific Risk Level in 26 508 Men*

Stroke Subtype and Specific Risk Level
No. of

Participants

Vitamin E vs No Vitamin E Vitamin E vs No Vitamin E

No. of
Incident Cases

RR
(95% CI)

No. of
Fatal Cases†

RR
(95% CI)

SAH
Low-risk SAH and low-risk CIR 4114 3 NA (0/3) 2 NA (0/2)
Medium- to high-risk SAH and low-risk CIR 4705 17 2.42 (0.85-6.88) 7 6.07 (0.73-50.43)
Low-risk SAH and medium- to high-risk CIR 4705 4 0.99 (0.14-7.00) 1 NA (0/1)
Medium- to high-risk SAH and medium- to high-risk CIR 12 984 59 1.56 (0.92-2.63) 27 3.49 (1.41-8.64)

CIR
Low-risk SAH and low-risk CIR 4114 35 1.58 (0.80-3.11) 0 NA (0/0)
Medium- to high-risk SAH and low-risk CIR 4705 55 0.84 (0.49-1.43) 4 1.01 (0.14-7.18)
Low-risk SAH and medium- to high-risk CIR 4705 154 1.11 (0.81-1.53) 17 0.86 (0.33-2.23)
Medium- to high-risk SAH and medium- to high-risk CIR 12 984 488 0.73 (0.61-0.87) 34 0.61 (0.31-1.22)

*Explanation of the abbreviations is given in the footnote to Table 1 and the first footnote to Table 4. Low risk refers to the lowest tertile of risk and medium to
high risk to the 2 uppermost tertiles of risk. Numbers in parentheses after NA are the numbers of participants receiving/not receiving vitamin E. Men with missing
values for systolic blood pressure, serum total and HDLC levels, alcohol consumption, and physical activity were excluded.

†Fatal within 90 days of onset.

Table 6. Crude Incidence per 10 000 Person-years and Relative Risks After Long-term Beta Carotene Supplementation
by Stroke Subtype and Alcohol Consumption in 26 556 Men*

All Men Drinkers Only

Alcohol
Consumption

by Stroke Subtype

Beta Carotene vs No Beta Carotene
Alcohol

Consumption,
g/d

Beta Carotene vs No Beta Carotene

No. of
Participants

Crude
Incidence

RR
(95%CI)

No. of
Participants

Crude
Incidence

RR
(95% CI)

ICH
None 14 8.4 0.96 (0.34-2.73) . . . . . . . . . . . .
Light 58 6.2 1.33 (0.79-2.24) #7.3 34 7.5 1.16 (0.59-2.27)
Moderate 15 4.2 2.83 (0.90-8.88) 7.4-22.8 22 5.0 1.73 (0.72-4.12)
Heavy 8 11.2 3.16 (0.64-15.64) $22.9 25 5.3 2.66 (1.11-6.37)
Test for interaction, P .10 .14

CIR
None 92 55.3 1.00 (0.66-1.50) . . . . . . . . . . . .
Light 410 43.6 1.17 (0.96-1.42) #7.3 200 44.1 1.31 (0.99-1.73)
Moderate 183 51.6 1.00 (0.75-1.33) 7.4-22.8 187 42.7 1.07 (0.80-1.42)
Heavy 48 67.2 0.82 (0.46-1.45) $22.9 254 53.4 0.96 (0.75-1.23)
Test for interaction, P .02 .02

*ICH indicates intracerebral hemorrhage. Explanation of the other abbreviations is given in the footnote to Table 1 and the first footnote to Table 4. Men with
missing values for alcohol consumption were excluded.
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variables. Therefore, our findings should serve merely as
an impetus for further research, and they need to be veri-
fied in future studies, especially considering that the num-
ber of statistical comparisons within the numerous
subgroups elevates the possibility that some of our ob-
servations are due to chance. Three issues in particular
need of further examination are the effects of vitamin E
supplementation in men with hypertension and diabe-
tes or ischemic heart disease, the possible interaction and
synergistic effects of vitamin E and aspirin, and alcohol
as an effect modifier of beta carotene.

CONCLUSIONS

The effects of vitamin E supplementation on stroke
risks were mainly seen in hypertensive men, whereas
the effects of beta carotene supplementation were seen
in heavy drinkers. Vitamin E supplementation may pre-
vent stroke in hypertensive patients at high risk of is-
chemic stroke, which remains to be verified in future
studies.
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